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METHOD OF BUILDING A CMOS STRUCTURE ON THIN SOI 
WITH SOURCE/DRAIN ELECTRODES FORMED BY IN SITU 
DOPED SELECTIVE AMORPHOUS SILICON 



DESCRIPTION 
BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention generally relates to CMOS structures and, more 
particularly, to a method of forming source/drain electrodes on thin SOI by employing 
an in situ doped amorphous silicon epitaxy process. 

Background Description 

Complementary Metal Oxide Semiconductors (CMOS) are electronic 
components used for Random Access Memory (RAM)and fast data switching. CMOS 
semiconductors are made of two complementary metal-oxide field effect transistors for 
high speed and low power use. While many designs have been developed, Silicon On 
Insulator has recently been of interest due to the high capacity of silicon for high- 
performance structure fabrication having the channel controllable with low gate 
voltages. 

As silicon film thickness of SOI is reduced, for high-performance CMOS 
fabrication, it becomes necessary to increase the thickness of source/drain regions 
above the SOI thickness. This principally results from the fact that, as the SOI film 
becomes thinner, there exists a reduced amount of Si material from which to form 
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silicide for source/drain contacts. Additionally, thinner source/drain regions can 
degrade on-current due to increased series resistance. 

In particular, when the SOI wafer is 500A and below, it is necessary to build 
raised source/drain (RSD) structures for silicided contact formation. Source/Drain 
series resistance is affected by the RSD layer geometry and the doping level in the 
layer. This is particularly difficult when dealing with PFET and NFET devices because 
the difference in conductivity between the PFET extension and the NFET halo creates 
makes it difficult to create a shallow junction and the RSD in sequential order. For sub 
0. 1mm CMOS technology on thin SOI, it is necessary to build the RSD layer and 
shallow junction at the same time. However, the technique of forming the halo and the 
extension using the dopant diffusion from a solid source interface should be 
compatible with the requirements for RSD layer formation. 

When building an advanced CMOS structure several additional problems are 
generally encountered. In particular, CMOS processes involving the integration of 
both P-type and N-type Field Effect Transistors (FETs) cannot employ the same solid 

1 source diffusion techniques used to achieve the shallow junction. Attempts have been 
S made to use amorphous silicon as a material for the RSD layer and performing 

2 Chemical Mechanical Polishing (CMP) on either the NFET or the PFET. However, 
^ for CMOS integration, it is necessary to overcome the problem of forming the 

interface for solid source diffusion for the P-type and N-type FETs individually 
without mixing the dopants of the PFET with those of the NFET. There is an existing 
need for a method of controlled recess formation for NFET and PFET simultaneously. 
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SUMMARY OF THE INVENTION 



In one aspect of the present invention, a method of forming source/drain 
electrodes on thin SOI is provided, which comprises an in situ doped amorphous 

5 silicon epitaxy process. 

A principal objective in accordance with a preferred embodiment of the present 
invention, is to contemporaneously achieve a shallow junction for PFET boron 
extension doping and confine the distribution of NFET boron halo with steep lateral 
concentration profiles, by using in situ doped amorphous silicon selective epitaxy and 
10 appropriately placed removable spacers. 

A further objective in accordance with a preferred embodiment of the present 
invention, is to build the RSD layers contemporaneously with shallow junction 
formation for the extension region and sharper halo profiles. In the furtherance of this 
and other objectives, the RSD layers are formed in conjunction with doped amorphous 
silicon deposition with the opposite types of doping, so that high-performance CMOS 
devices can be formed on very thin SOI films. 

Still another objective in accordance with a preferred embodiment of the 
present invention is to provide improved controllability of the lateral etch 
encroachment of silicon under the spacer. In the furtherance of this and other 
objectives, the method comprises the step of implanting neutral ions such as Ge or Ar 
into the source/drain regions. The implantation creates an amorphous silicon surface, 
and leaves a laterally extended amorphous layer under the spacer and a well defined 
amorphous/crystalline interface. The etch of silicon then extends laterally underneath 
the spacer, due to the higher etch rate of amorphous silicon and abrupt interface 
25 between amorphous and crystalline silicon. 

Further objects, features and advantages of the invention will be apparent from 
the following detailed description taken in conjunction with the accompanying 
drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The foregoing and other objects, aspects and advantages will be better 
understood from the following detailed description of a preferred embodiment of the 
invention with reference to the drawings, in which: 

Figure 1 shows an initial stage of formation of source/drain electrodes on thin 
SOI by employing an in situ doped amorphous silicon epitaxy process. 

Figure 2 shows an intermediate stage of formation of source/drain electrodes 
on thin SOI by employing an in situ doped amorphous silicon epitaxy process. 

Figure 3 shows an intermediate stage of formation of source/drain electrodes 
on thin SOI by employing an in situ doped amorphous silicon epitaxy process. 

Figure 4 shows an intermediate stage of formation of source/drain electrodes 
on thin SOI by employing an in situ doped amorphous silicon epitaxy process. 

Figure 5 shows an intermediate stage of formation of source/drain electrodes 
on thin SOI by employing an in situ doped amorphous silicon epitaxy process. 

Figure 6 shows an intermediate stage of formation of source/drain electrodes 
on thin SOI by employing an in situ doped amorphous silicon epitaxy process. 

Figure 7 shows an intermediate stage of formation of source/drain electrodes 
on thin SOI by employing an in situ doped amorphous silicon epitaxy process. 

Figure 8 shows an intermediate stage of formation of source/drain electrodes 
on thin SOI by employing an in situ doped amorphous silicon epitaxy process. 

Figure 9 shows an intermediate stage of formation of source/drain electrodes 
on thin SOI by employing an in situ doped amorphous silicon epitaxy process. 

Figure 10 shows an intermediate stage of formation of source/drain electrodes 
on thin SOI by employing an in situ doped amorphous silicon epitaxy process. 

Figure 1 1 shows an intermediate stage of formation of source/drain electrodes 
on thin SOI by employing an in situ doped amorphous silicon epitaxy process. 
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Figure 12 shows an intermediate stage of formation of source/drain electrodes 
on thin SOI by employing an in situ doped amorphous silicon epitaxy process. 

Figure 13 shows an intermediate stage of formation of source/drain electrodes 
on thin SOI by employing an in situ doped amorphous silicon epitaxy process. 

Figure 14 shows an intermediate stage of formation of source/drain electrodes 
on thin SOI by employing an in situ doped amorphous silicon epitaxy process. 

Figure 15 shows a substantially completed source/drain electrodes on thin SOI 
by employing an in situ doped amorphous silicon epitaxy process. 
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DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

In the embodiments of the present invention, the method of forming 
5 source/drain electrodes on thin SOI comprises an in situ doped amorphous silicon 

epitaxy process comprising the contemporaneous achievement a shallow junction for 
PFET boron extension doping and confinement of the distribution of NFET boron halo 
with steep lateral profiles, by using in situ doped amorphous silicon selective epitaxy 
and appropriately placed removable spacers. Furthermore, the method comprises the 
10 combined step of building the RSD layers and the formation of the shallow junction for 
the extension region and sharper halo profiles. 

Method of Formation of the 
Present Invention 

15 

Referring now to the drawings, and to FIG. 1-15 generally, there is shown 
several stages of formation of source/drain electrodes on thin SOI by employing an in 
situ doped amorphous silicon epitaxy process. The fabrication process shown in the 
figures describe several embodiments, which are not all necessarily required in any one 
20 preferred embodiment but which still may be part of the present invention. 

In FIG. 1, after forming the gate stack 10a and 10b with preferably a nitride 
buffer layer 1 la and 1 lb on top, removable spacers are formed at the sidewall 16a and 
16b. Therefore, in FIG. 1, insulating materials are formed along the sidewalls 16a and 
16b. 

25 These insulating materials may include, but are not limited to, an oxide as well 

as silicon nitride. The silicon nitride may be used for the formation of silicon nitride 
spacers, and may be isotropically deposited using an isotropic etch such as reactive ion 
etching (RIE) techniques. A conformal silicon nitride layer may be deposited on the 
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oxide layer. The conformal nitride layer may also be formed over the active area and 
the isolation areas between the active areas. 

The thickness of nitride 1 la and lib can be adjusted. Spacers are introduced, 
beginning with the nitride spacer 12a and 12b and then oxide spacer 14a and 14b. 
5 TEOS may be utilized, or an alternative, yet suitable oxide spacer should be apparent 

to one of ordinary skill in the art. Subsequently, NFET source/drain dopan t^!8 i s \ 
implanted by methods known in the art. 

Optionally, a Rapid Thermal Anneal (RTA) is used at this point for dopant 
activation. A typical RTA may be performed at approximately 900-1000 °C for 5-30 
10 seconds in either Ar or N 2 . Referring now to FIG. 2, PFET source/drain 20 
implantation is performed in a standard manner. 

In FIG. 3, the PFET may be masked with photo resist and the NFET source 
drain region 1 8 is etched, preferably by RIE techniques. This allows enhanced control 
of the lateral encroachment of silicon under the spacer when either RIE techniques or 
15 Ge pre-amorphization is utilized. Pre-amorphization, as applied in FIG. 3, principally 
refers to harnessing the high etch rate of amorphous silicon and the abrupt interface 
between amorphous and crystalline silicon to extend the silicon etch 19 laterally 
underneath the spacer 12a and preferably, but not necessarily, a substantial portion of 
14a. 

20 Referring now to FIG. 4, selective epitaxial growth of boron doped amorphous 

silicon 40a and 40b is shown on both the NFET and the PFET, respectively. In order 
to make this possible, the boron concentration target is around NFET halo doping on 
the order of about IE 18 cm" 3 . On the NFET, the growth occurs at the recessed 
interface 42a, whereas the RSD layer 44 is contemporaneously formed on the PFET. 

25 Due to the amorphous/crystalline interface and the lack of channeling and damage 

from implantation, a very abrupt boron doping profile of about 200A can be achieved 
near the interface 42b. 
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In FIG. 5, a tetraethylorthosilane (TEOS)layer 50 or other suitable oxide is 
deposited on the NFET and possibly a portion of the PFET using plasma enhanced 
chemical vapor deposition (PECVD)or other suitable deposition technique. After 
masking of the PFET region with photo resist, all oxide, including the spacer, is etched 
5 on the NFET. 

FIG. 6 shows undoped selective epitaxy formed on the NFET to make RSD 
regions 60. The oxide 50 covering the PFET regions prevents epitaxial growth on the 
PFET. Subsequently, another thin layer of oxide 70a and 70b (e.g., TEOS) is 
deposited on both the NFET and PFET. See FIG. 7. 
10 After masking the NFET region, all of the oxide on the PFET is etched, by 

conventional methods, namely the first 50 and second 70b thin TEOS layers and the 
oxide spacer 14b. See FIG. 8. This leaves the notched region 80 for the PFET 
extension notch 82 formation. As shown in FIG. 9, The PFET halo 90 is formed, 
preferably by the implantation of arsenic. 
15 Referring now to FIG. 10, selective epitaxy is performed on the PFET region 

using in situ boron doped amorphous silicon 100, which fills the extension notch 82 
with high concentration of boron. In order to effectively form the PFET extension 
electrodes, the boron concentration is relatively high, preferably approximately 1E20 
cm" 3 or greater. 

20 FIG. 1 1 shows the step of etching off the oxide 14a and 70a on the NFET only 

while etching the nitride layer off of all regions, including the nitride spacer 15a and 
15b and the buffer nitride 10a and 10b on top of the gate poly. N-extension 120 is 
performed, preferably with arsenic implantation through the notch 110 formed as a 
result of nitride spacer 15a removal. See FIG. 12. 

25 FIG. 13 shows the formation of permanent spacers 130a and 130b using a low 

temperature technique. This process is preferably performed using a chemical vapor 
deposition (CVD) tooling process, more preferably, plasma enhanced chemical vapor 
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deposition (PECVD) at a suitable temperature, preferably, about 600°C or lower. The 
spacer is suitably configured to fill the notch on both PFET and NFET. 

Referring now to FIG. 14, a final anneal, preferably RTA, is performed to 
active all of the dopants. Since boron diffusivity is higher than that of arsenic, the P- 
5 extension boron diffuses to form the extension overlap with the gate, while there is not 
significant N-extension arsenic/gate overlap during the final thermal cycle. The deep 
source/drain dopants are activated, and redistributed inside the RSD regions, along 
with extension doping. Since the diffusion of boron from the doped amorphous layer 
is minimal, a very steep boron profile gradient is achieved in the NFET halo and PFET 
10 extension. Finally, as shown in FIG. 15, silicidation 150a and 150b on the RSD on a 
very thin Silicon On Insulator (SOI) wafer. Conventional back end processing is then 
performed. 

In view of the foregoing, it is seen that an exemplary embodiment in 
accordance with the present invention provides a method of forming source/drain 

15 electrodes on thin SOI comprising an in situ doped amorphous silicon epitaxy process. 

The exemplary method contemporaneously achieve a shallow junction for PFET boron 
extension doping and confine the distribution of NFET boron halo with steep lateral 
concentration profiles, by using in situ doped amorphous silicon selective epitaxy and 
appropriately placed removable spacers. 

20 The method facilitates the building of the RSD layers contemporaneously with 

shallow junction formation for the extension region and sharper halo profiles by 
forming the RSD layers in conjunction with doped amorphous silicon deposition with 
the opposite types of doping, so that high-performance CMOS devices can be formed 
on very thin SOI films. 

25 In can also be appreciated that improved controllability of the lateral etch 

encroachment of silicon under the spacer is provided in light of the fact that the 
exemplary method, in accordance with the present invention, comprises the step of 
implanting neutral ions such as Ge or Ar into the source/drain regions. The 
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implantation creates an amorphous silicon surface, and leaves a laterally extended 
amorphous layer under the spacer and a well defined amorphous/crystalline interface. 
The etch of silicon then extends laterally underneath the spacer, due to the higher etch 
rate of amorphous silicon and abrupt interface between amorphous and crystalline 
5 silicon. 

While the invention has been described in terms of preferred embodiments, 
those skilled in the art will recognize that the invention can be practiced with 
modification within the spirit and scope of the appended claims. 
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